2 that DCT-1, the Caenorhabditis elegans homolog of the mammalian BNIP3 and BNIP3L/NIX, is a key mediator of mitophagy, and functions in the same genetic pathway with PINK-1 and PDR-1 (the nematode homologs of PINK1 and Parkin respectively) to promote longevity and prevent cell damage under stress conditions. Interestingly, accumulation of damaged mitochondria activates SKN-1 (SKiNhead-1), the nematode homologue of NRF2, which in turn initiates a compensatory retrograde signaling response that impinges on both mitochondrial biogenesis and removal. In this commentary, we discuss the implications of these new findings in the context of innate immunity and ageing. Unraveling the regulatory network that governs the crosstalk between mitochondrial biogenesis and mitophagy will enhance our understanding of the molecular mechanisms that link aberrant energy metabolism to ageing and disease. Mitochondria are semi-autonomous organelles that contain their own DNA 1 . Mitochondrial genes encode thirteen essential subunits of the electron transport chain multiprotein complexes. These proteins are synthesized in the mitochondrial matrix and directly inserted into the inner mitochondrial membrane. The vast majority of mitochondrial proteins, however, is encoded by nuclear genes. These proteins are synthesized in the cytoplasm and are loaded on sub-mitochondrial compartments through a highly specialized import system 2, 3 . Stoichiometric imbalance between nuclear and mitochondrial encoded proteins can lead to proteotoxic and metabolic stress 4 .
Several quality control mechanisms have evolved in eukaryotes to sustain mitochondrial function and prevent cellular damage. Numerous, redundant molecular pathways preserve and restore mitochondrial activity ( Fig. 1 ) 5, 6 . Mitochondria contain their own proteolytic system. These proteases are the first line of defense against mitochondrial damage and mediate the degradation of non-assembled, misfolded or unfolded proteins, ameliorating mitochondrial dysfunction (Fig. 1A) 7 .
In addition, the mitochondrial unfolded protein response (UPR mt ) is activated under proteotoxic stress. Unfolded and/or non-assembled mitochondrial proteins are digested into peptides by mitochondrial proteases and transported to the cytoplasm through the HAF-1 transporter 8 . In turn, the bZip transcription factor ATFS-1 becomes activated. Recent studies show that ATFS-1, which contains both a mitochondrial translocation signal and nuclear localization sequence, shuttles between mitochondria and the nucleus in response to mitochondrial stress. Mitochondrial import efficiency is diminished upon mitochondrial dysfunction and ATFS-1 accumulates in the nucleus Downloaded by [New York University] at 22: 21 30 July 2015 driving the expression of mitochondrial chaperones and proteases, which in turn restore mitochondrial proteostasis and augment mitochondrial quality control [9] [10] [11] .
Mitochondria form a dynamic network that constantly changes shape and morphology in response to energy demands. The processes of fission and fusion regulate expansion and shrinkage of the mitochondrial network, facilitating repair of mitochondrial damage through segregation or exchange of components and materials (Fig. 1B ) 12 . Mitochondrial dynamics enhance organellar maintenance by separation and/or dilution of toxic material, lowering its impact on mitochondrial physiology.
When damage exceeds the restoration capacity of protein quality control mechanisms, dysfunctional mitochondria are removed by selective mitochondrial autophagy (mitophagy) (Fig.   1C ). During mitophagy mitochondria are engulfed by autophagosomes and are delivered to lysosomes for degradation 13 . Besides its pivotal role in the maintenance of energy homeostasis under conditions of stress, mitophagy is also stimulated in a programmed fashion during development 14, 15 . The PINK1/Parkin pathway has been implicated in the regulation of mitophagy in mammals. The PTEN-induced mitochondrial kinase 1 (PINK1) becomes stabilized on the outer mitochondrial membrane upon mitochondrial dysfunction and recruits the cytosolic E3 ubiquitin ligase Parkin. In turn, Parkin ubiquitylates numerous outer mitochondrial membrane proteins, including mitofusin 1 and 2 (MFN1and MFN2), voltage-dependent ion channel proteins (VDACs) and components of the mitochondrial import system (TOM70, TOM40 and TOM20) among others, leading to mitochondrial fragmentation and isolation of dysfunctional mitochondria from the healthy mitochondrial population. Subsequently, damaged mitochondria are recognized, targeted and eliminated by the autophagic machinery 13, 15 .
In addition to the PINK1/Parkin pathway, the outer mitochondrial membrane proteins Mitochondrial selective autophagy and mitochondrial biogenesis promote cellular adaptation in response to impaired mitochondrial activity. Generation of newly synthesized, and elimination of damaged organelles, are highly regulated and fine-tuned processes. The tight coordination of mitochondrial biogenesis and mitophagy is essential for the maintenance of energy
homeostasis. An imbalance between these two opposing processes has detrimental consequences for cellular and organismal survival.
The interplay between mitophagy and mitochondrial biogenesis during ageing
The capacity of cells to cope with several stress conditions, including misfolded proteins, damaged organelles, pathogens invasion, temperature and oxygen fluctuations, declines with age.
Age-dependent disruption of mitochondrial homeostasis, which is characterized by accumulation of dysfunctional mitochondria and excessive increase in the overall mitochondrial content, contributes to impairment of cellular function 18 .
Several studies have revealed a gradual accumulation of mitochondrial mass in several cell types of diverse organisms during ageing and in various human age-related pathologies 5, [19] [20] [21] [22] [23] [24] . The molecular basis of this disruption of mitochondrial mass homeostasis remained elusive. We observed a progressive accumulation of mitochondria with age in several tissues of C. elegans 17, 19 . 28 . Additionally, nuclear CLK-1 might inhibit mitophagy and mitochondrial biogenesis indirectly by suppressing the expression of skn-1.
Mitochondrial quality control and mitophagy: An intricate crosstalk during bacterial infection
As a soil-dwelling nematode, C. elegans encounters, grows on and defends itself against many microorganisms in its natural habitat. Animals detect the presence of pathogens not only through physical interaction, but also through sensing pathogen-mediated perturbations in essential cellular processes. Pathogens exploit an extensive arsenal of virulence factors to attack and invade host barriers. Bacterial toxins and secreted proteins, alter host mitochondrial function to promote pathogen proliferation and progression of infection [29] [30] [31] [32] 41, 42 . HLH-30 is activated and rapidly translocated from the cytoplasm to the nucleus upon exposure to Staphylococcus aureus. HLH-30 regulates expression of several host genes in response ti infection, including anti-microbial and autophagy genes, to promote tolerance and cell survival 43 . Furthermore, mitochondrial-selective autophagy has been implicated in the defense against pathogens. PINK-1-and PDR-1-depleted animals are less resistant to P. aeruginosa 31 . P. aeruginosa infection impairs mitochondrial function by chelating iron, which is pivotal for ETC activity. Iron depletion triggers mitophagy to eliminate damaged organelles and preserve energy homeostasis 44 . These findings, in their totality, indicate that induction of autophagy enhances resistance against pathogenic bacteria by simultaneously promoting two distinct, selective types of autophagy: xenophagy, that targets and eliminates entire intracellular pathogens, and mitophagy, which promotes degradation of dysfunctional mitochondria (Fig. 3) .
Bacterial infection also triggers the activation of SKN-1 and DAF-16 transcription factors 31, 45 . SKN-1 is induced in a TIR-1-and PMK- 
Concluding remarks
Our findings unravel a key regulatory mechanism that coordinates mitochondrial biogenesis biogenesis and mitochondrial quality control mechanisms during ageing or upon bacterial infections will provide new insights into therapeutic interventions promoting organismal longevity and resistance to pathogens.
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